INTRODUCTION
Polyamines are indispensable for animal cell growth [1] [2] [3] . Ornithine decarboxylase (ODC), the initial and key enzyme in polyamine biosynthesis, has a very short half-life of 10-90 min [4, 5] . The induction of ODC is a prerequisite for cell proliferation [6, 7] , and has recently been shown to be critical for cell transformation [8] . On the other hand, ODC activity is downregulated by increased cellular polyamines. The polyamineinduced down-regulation has been thought to include inhibition of translation, acceleration of ODC degradation and induction of an ODC-inhibitory protein, antizyme [3, 9, 10] . Antizyme binds to ODC with high affinity, forming an inactive complex [11] [12] [13] . Forced expression of the antizyme gene elicited destabilization of ODC in cultured cells [14] , and antizyme markedly accelerated ATP-dependent ODC degradation in vitro [15] [16] [17] [18] . On the other hand, specific binding of antizyme to ODC is required for polyamine-regulated degradation of ODC [19] . These findings indicate that antizyme mediates polyamine function by feedback regulation of ODC degradation. To what extent does antizyme affect cellular levels of ODC and polyamines? To evaluate the physiological importance of antizyme we examined the effects of forced expression of antizyme on cellular levels of ODC and polyamines and on cell growth. EXPERIMENTAL Cell culture, ODC induction, determinations of ODC activity, antizyme activity, ODC-antlzyme complex and polyamines, and materials HZ7 cells, transfectants having antizyme cDNA driven by a glucocorticoid-inducible promoter, and its control HC4 cells were cultured as described previously [14] . ODC was induced by changing culture medium for fresh medium [14] . ODC activity, antizyme activity and polyamine concentrations were determined as described previously [20] . fetal-calf serum, 4 % (v/v) newborn-calf serum and non-essential amino acid mixture]. Antizyme activity of cells was examined after incubation with putrescine (10 mM) for 6.5 h. Several cell lines showed specific antizyme activity of about 100 units/mg of protein. Although the specific activity was only 3-5-fold of that in parent cells, it was enough for our purpose, and the 6F cell line was selected for further use.
RESULTS AND DISCUSSION
Effect of forced expression of antizyme on ODC induction ODC is known to be induced by various growth stimuli including change of culture medium. During the process of ODC induction both the synthesis rate and the degradation rate change, often causing a pulse-like increase of ODC activity [21] . To examine the effect of antizyme on ODC induction we replaced culture medium of HZ7 cells with fresh medium with or without dexamethasone. Previously we confirmed that dexamethasone increased the amount of antizyme mRNA (ZI mRNA) and induced active antizyme in HZ7 cells [14] . As shown in Figure  l (b), dexamethasone completely inhibited the increase of ODC activity induced by medium change and suppressed pre-existent ODC activity in HZ7 cells. Similar effects of dexamethasone were observed on total levels of ODC (sum of free ODC and inactive ODC complexed with antizyme). Such effects of dexamethasone were not observed in control HC4 cells (Figure la) . Half-lives of total ODC of HZ7 cells were determined at indicated times. As expected from previous results [14] , dexamethasone shortened the half-lives of ODC at all time points (parentheses in Figure  lb) . These However, antizyme prefers to bind to newly synthesized ODC owing to its monomer structure [33] rather than to pre-existing ODC; the former ODC is likely to be immediately trapped by antizyme under the experimental conditions, where antizyme is continuously synthesized owing to the presence of dexamethasone. Thus the half-life of newly synthesized ODC may be as short as that of ODC complexed with antizyme.
Half-life of ODC complexed with antizyme
The half-life of ODC complexed with antizyme can be determined under conditions where all ODC molecules are bound with antizyme. Thus it is equal to the half-life of the ODC-antizyme complex determined in the presence of an excess amount of antizyme compared with ODC. To antizyme in the down-regulation of ODC. This conclusion is consistent with recent negation of translational regulation by polyamines [34] . (Figure 3a ), but it was only partially recovered by simultaneous addition of putrescine, which was in contrast with the growth inhibition caused by DFMO (Figure 3b) . Similar results were obtained with other antizyme transfectants, HZ3 or HZ8 cells. Cellular polyamine levels were examined in HZ7 cells (Figure 4 ). Dexamethasone depleted putrescine levels, severely decreased spermidine, but did not affect spermine levels. Simultaneous addition of putrescine recovered the cellular putrescine level completely and the spermidine level partially. In contrast, simultaneous addition of putrescine completely recovered both putrescine and spermidine levels suppressed by DFMO. Thus the effects offorced expression of antizyme on cell growth and polyamine levels were not the same as, though similar to, that of DFMO, a potential cancer chemotherapeutic agent [35] .
Recently we showed that ODC is degraded ATP-and antizyme-dependently and ubiquitin-independently by 26S proteasome [16] , which is widely viewed as a major ATP-dependent protease specific for ubiquitin-conjugated proteins [36] . The protease is known to be abundant in cells. Since ubiquitination is unnecessary for ODC degradation and binding between ODC and antizyme is instantaneous, the rate-limiting factor for rapid ODC degradation may be the availability of antizyme. Consistent with this, forced expression of antizyme caused ODC degradation, resulting in depletion of ODC (Figure 1 ), putrescine and spermidine in cells and inhibition of cell growth (Figure 3 ). This suggested possible development of anti-proliferative drugs based on acceleration of ODC degradation. For this, it is important to examine further whether or not the role of antizyme is restricted to acceleration of ODC degradation. In this connection, it is interesting to note that antizyme may be an inhibitory regulator of the polyamine-transport system [37] . 
